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COMPUTER S IMULATIONS OF SMALL POPULATIONS 
The September number of t h e  Journal of t h e  PoZynesim 
Sor -e t y ,  1976, w i l l  con ta in  a r epo r t  by Norma McArthur (Research 
School o f  P a c i f i c  S tud i e s ,  ANJ), I.W. Saunders and R . L .  Tweedie 
(Divis ion o f  Mathematics and S t a t i s t i c s ,  CSIRO)  on t h e i r  f i r s t  
s e r i e s  o f  computer s imula t ions  of very small populat ions.  Some 
pre l iminary  r e s u l t s  of t h e s e  experiments were presented a t  an 
ANU P r eh i s t o ry  seminar i n  Apri l  1975, and a more mathematical 
t rea tment  of  t h e  p r o j e c t  was published i n  t h e  f i r s t  volume o f  
CSIRO' S The Mathematical Scientist, 1976. 
The s imula t ions  a r e  e s s e n t i a l l y  p ro j ec t i ons  forward i n  
t ime from i n i t i a l  groups of  males and females of spec i f i ed  ages 
under given r a t e s  o f  m o r t a l i t y  and f e r t i i i t y  a t  each age. Whlle 
t h e  l o g i c  underlying t h e  evolu t ion  of a  populat ion i s  t h e  same 
whatever t h e  s i z e  o f  t h e  populat ion,  t h e  conventional demographic 
t echniques  which were designed f o r  t he  p ro j ec t i on  of l a rge  
popula t ions  a r e  no t  app rop r i a t e  f o r  small  groups, because t h e r e  
t h e  demographic f a t e  of each ind iv idua l  i s  of g r e a t e r  s i gn i f i c ance  
i n  t h e  f a t e  of t h e  group a s  a whole than it would be i n  a l a r g e  
popula t ion .  
Th is  smallness  a l s o  c r e a t e s  wide random f l u c t u a t i o n s  
about t h e  'expected '  m o r t a l i t y  and f e r t i l i t y  r a t e s .  I f ,  f o r  
example, t h e  p r o b a b i l i t y  o f  a man aged 50 dying wi th in  a yea r  i s  
0.10, and t h e r e  a r e  100 such men i n  a  populat ion,  one could 
expect t h a t  t h e  number of dea ths  which would occur among them 
i n  a  yea r  would l i e  w i th in  t h e  range of 4 t o  16. I f  t h e r e  a r e  
only two men aged 50, and each has  t he  same p robab i l i t y  of dying 
- 0.10 - perhaps n e i t h e r  w i l l  d i e ,  perhaps e i t h e r  o r  both w i l l ,  
s o  t h a t  t h e  m o r t a l i t y  r a t e  observed i n  a  year  f o r  them would be 
e i t h e r  zero,  0 .5  o r  1 . 0  i n s t e a d  of  wi th in  t h e  range of  0.04 t o  
0.16 as i n  t h e  group o f  100, o r  an even narrower range i f  t h e r e  
were more than 100 men aged 5 0  years .  
This  problem can be  met i n  a  computer by programming 
it t o  genera te ,  f o r  each man, a random number between zero and 
1.0, and i f  t h a t  number f a l l s  a t  o r  below t h e  'expectedv 
m o r t a l i t y  r a t e  of 0.10 t h a t  man d i e s ;  i f  t he  random number 
exceeds 0.10 t h e  man su rv ive s .  In t h i s  way t h e  'expected '  
r a t e s  a r e  ' s t o c h a s t i c i s e d '  and t h e  computer keeps t ab s  on each 
i nd iv idua l  from year  t o  yea r ,  ra ther  than on a  group of thc  same 
age and s e x  which i s  t h e  u n i t  i n  t h e  conventional aethod of 
demographic p r o j e c t i o n s .  I n i t i a l l y  t he  s t o r age  capac i ty  of t h e  
computer imposed r e s t r i c t i o n s  on t he  leng th  of  time a populat ion 
might be  followed a s  it evolved, and t h e  maximum time span f o r  
any of t h e  popula t ions  generated i n  t h i s  s e r i e s  was 500 yea r s .  
There was a l s o  a r e s t r i c t i o n  on t h e  s i z e  in  t h a t  t h e  s t o r age  
'overflowed' i f  e i t h e r  t h e  t o t a l  number o f  males o r  t he  t o t a l  
number o f  females who had ever  l i ved  exceeded 500. 
A t  t h e  s t a r t  o f  each ' y ea r '  t h e  computer scanned each 
i nd iv idua l  a l i v e  i n  t h e  populat ion,  sub jec t ing  each of them t o  
t h e  f e r t i l i t y  and m o r t a l i t y  r a t e s  ( i n  t h a t  order)  appropr iz te  t o  
Archived at Flinders University: dspace.flinders.edu.au
t h e i r  age and sex before advancing t h e  age of  t h e  surv ivors  by 
one year t o  c r ea t e  t h e  population a l i v e  a t  t h e  s t a r t  o f  the 
next 'year ' .  The sex of each ch i ld  born i n  the course cf a 
'year '  was a l loca t ed  randomly, with equzl p r o b a b i l i t i e s  of its 
being male o r  female. Marriages were performed where necessary, 
and in  t h i s  series t h e r e  were two s e t s  of marriage r u l e s ,  one 
i n  which monogamy was the  only r e s t r i c t i o n  and t h e  o t h e r  i n  
which monogamous marriages between s i b l i n g s  and between parents  
and of fspr ing  were prohibi ted.  In  both cases marriages were 
terminated only by the  death of a spouse. 
The i n i t i a l  o r  founding groups cons is ted  o f  equal 
numbers of unrelated males and females who were a l ready married 
but  without chi ldren.  The simulat ions were run f o r  groups of 
3, 5 and 7 couples, and f o r  each of these  groups t h e r e  were 
four  d i f f e ren t  age, brackets f o r  both men and women, with t h e  
women two years younger than t h e i r  husbands. Twenty populat ions 
we:.-e generated s tochas t i ca l ly  f o r  each founding populat ion o f  
s t i p u l a t e d  s i z e  and age composition, a l l  under t h e  same schedules 
of  f e r t i l i t y  and mor ta l i ty  which, i n  combination, had a growth 
po ten t i a l  o f  1.78 pe r  cent  pe r  year .  
However, no$ a l l  of t h e  populat ion were v i a b l e  and t h e  
l ikel ihood of ex t inc t ion  was g rea t e s t  f o r  t h e  smal les t  group, 
with the  increase from 3 t o  5 couples giving r e l a t i v e l y  g r e a t e r  
chances of success than the  increase  from 5 t o  7 couples. Whatever 
t h e  s i z e  of the i n i t i a l  group, t h e  populat ions founded .by t h e  
youngest males and females had s i g n i f i c a n t l y  lower p r o b a b i l i t i e s  
of  ex t inc t ion  than d id  those begun by t h e  o ldes t  couples. For 
groups of 3 married couples with monogamy t h e  only r e s t r i c t i o n  
on marriage, a t  l e a s t  52 (f 6) p e r  cent  of  those  where the  
founding wives were aged 18, 19 and 20 years  became e x t i n c t ,  and 
77 (f 5) per  cent of those begun by women aged 27, 28 2nd 29 
years .  The p a r a l l e l  range f o r  5 couples of t he  same average 
ages was from 18 (f 6) t o  55 (2 11) p e r  cent ,  and f o r  7 couples 
from 15 (2 8) t o  40 (t 11) per  cent .  
These a r e  minimum p r o b a b i l i t i e s  o f  e x t i n c t i o n  f o r  each 
group, and there  was considerable d i v e r s i t y  among t h e  populat ions 
which beczme ex t inc t  i n  the  maximum s i z e  a t t a ined ,  t h e  time 
taken t o  reach t h a t  maxirmun and t h e  time each p e r s i s t e d  a f t e r  
a t t a i n i n g  i t s  maximum s i z e .  None of t h i s  v a r i a b i l i t y  was 
diminished by increasing t h e  number of runs from 20 t o  60, and 
t h e  only genera l i sa t ion  possible was t h a t  t he  populat ions which 
z t t a ined  the  la rger  maximum s i zes  from each i n i t i a l  group tended 
t o  take  longer t o  reach t h e i r  maximum. Amongst those  which 
a t t a ined  t h e  same maximum s i ze ,  some were a l ready headed f o r  
e x t h c t i o n  before o thers  had reached t h e i r  maximum; and whatever 
t h e  m a x l m  s i z e  a t t a ined ,  there was na co r re l a t ion  whatsoever 
between the  time taken t o  a t t a i n  it and t h e  time from the re  t o  
non-viabil i ty.  One population begun by t h e  3 youngest couples, 
f o r  example, never exceeded 11, but  it took a s  long t o  become 
ex t inc t  a s  another of t h e  same set which increased t o  26 i n  t h e  
same period of time. 
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The populations which were v i a b l e  were divided i n t o  two 
ca tegor ies  - those presumed successful  because they a t t a i n e d  t h e i r  
maximum s i z e  e i t h e r  a t  t h e  completion o f  t h e  500-year period o r  
j u s t  as t h e  cons t ra in t  on t h e  number of males o r  females who had 
ever  l ived was reached; and those which had passed t h e i r  gaximurn 
s i z e  before any one of t h e  cons t r a in t s  operated were c lassed  a s  
doubtful .  Neither of these ca tegor ies  i s  a s  c l ea r - cu t  a s  t h e  
f i r s t ,  i n  which a l l  surviving members of a population were of one 
sex, and fu r the r  reproduction was the re fo re  impossible. Had t h e  
time l i m i t  exceeded 500 years some of  t h e  doubtful populat ions 
would a l s o  have become ex t inc t ,  as  might some of t h e  presumed 
successes. 
Certainly the  times needed by these  l a t t e r  populat ions 
t o  a t t a i n  some spec i f ied  s i z e  were a s  va r i ab le  and unpredictable 
a s  were t h e  times tha t  those which f a i l e d  t o  survive pe r s i s t ed  
before eventual ly heading f o r  ex t inc t ion .  More than 90 p e r  cent  
had average growth r a t e s  over t h e  whole period of observat ion 
within the  range of  0.50 t o  1.49 p e r  cent pe r  year ,  with more 
than ha l f  within the  range 0.75 t o  1 .24  per  cent ,  and more with 
annual r a t e s  below 0.50 per  cent  t han  above 1.75 pe r  cent .  The 
f a i l u r e  t o  match t h e  expected growth p o t e n t i a l  was due p a r t l y  t o  
t h e  r u l e  of monogamy and t h e  r e s t r i c t i o n  o f  chi ld-bearing t o  
married women only, pa r t l y  t o  a systematic  downward b i a s  i n  t h e  
growth r a t e  caused by random f luc tua t ions  i n  t h e  sex r a t i o  a t  
b i r t h .  
The random a l loca t ion  of sex t o  t h e  ch i ld ren  born i n t o  
t h e  populations, reinforced by the  randomisation of mor t a l i t y  and 
f e r t i l i t y  r a t e s  each year, is t h e  key t o  t h e  d i v e r s i t y  exhib i ted  
by the  populations, whatever t h e i r  u l t imate  f a t e .  When 20 
populations generated from 3 married couples i n  which t h e  wives 
were aged 21, 22 and 23 years ,  with monogamy t h e  only r e s t r i c t i o n  
on marriage, were pr in ted  out  a t  5-year i n t e r v a l s  i n  t h e  course 
o f  t h e i r  evolut ion t o  a maximum of 300 years ,  9 became e x t i n c t ,  
3 were doubtful and 8 could be presumed t o  be successfu l .  None 
of  t h e  t r a j e c t o r i e s  ( s ix  of  which a r e  reproduced i n  Fig, l )  
showed uniformly smooth growth a t  a l l  s t ages  of development, 
and the  slowing-down o r  r eve r sa l  o f  growth was almost i nva r i ab ly  
t r aceab le  t o  d i s to r t i ons  i n  t h e  sex r a t i o s ,  e i t h e r  because of t h e  
predominance o f  one sex among the  b i r t h s  t h a t  occurred, o r  t h e  
f a i l u r e  of some who were born t o  surv ive  t o  marry and reproduce. 
I t  i s  impossible t o  gauge how l a rge  a population needs 
t o  be before t h e  random predominance of one sex  a t  c e r t a i n  ages 
ceases t o  a f f e c t  t he  pa t t e rn  of growth, because t h i s  depends on 
t h e  level  and pa t te rn  of mor ta l i ty  a s  well a s  on t h e  number of  
b i r t h s  t h a t  might occur within some time i n t e r v a l .  The 
p robab i l i t i e s  of  ex t inc t ion  o r  otherwise proved very s e n s i t i v e  
t o  d i f f e ren t  hypotheses about b i r t h s  and dea ths ,  even when t h e  
i n i t i a l  groups were enlarged t o  10 couples. Two of  t h e  four 
combinations chosen had t h e  same growth p o t e n t i a l  but  t h e  
p r o b a b i l i t i e s  of ex t inc t ion  were d i f f e r e n t ,  as were the  s i z e s  - 
and more espec ia l ly ,  the  composition - of  the  populations gencratcd.  
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The c o v o s i t i o n  o f  t he  populat ion i s  important t o  
a r chaeo log i s t s  beca-use v i r t u a l l y  a l l  o f  t h e i r  evidence re ' a tes  
t o  t h e  a c t i v i t i e s  of t h e  a d u l t  segment of t h e  ?opla:lon k i g g  
s t u d i e d ,  acd  a d u l t s  do n o t  c o n s t i t u t e  t h e  szme p r o ~ o r t i o n  of z l l  
popula t ions  o f  a  given s i z e ,  even i f  they  increase  a t  t h e  same 
r a t e .  A popula t ion  w i th  a  high propor t ion  of  adu l t s  - such a s  
would occur  i f  m o r t a l i t y  and e f f e c t i v e  f e r t i l i t y  were low - would 
be l i k e l y  t o  c r e a t e  more a r t i f a c t u a l  cvidence than a  population 
of t h e  same s i z e  which may be increas ing  a t  t he  same r a t e  but which, 
because of high f e r t i l i t y  combined with high mor ta l i ty ,  would 
con t a in  fewer a d u l t s .  And t h e  sane r a t e  o f  growth might be 
achieved by an almost i n f i n i t e  number of combinations of 
m o r t a l i t y  and f e r t i l i t y .  
While i n  a rchaeolog ica l  terms a time-span of  500 years  
m n s r  L A  ,,ct--+:-- ,,, ,, in - humin t z=s  it r q r z s e n t s  many generatioiis 
and it i s  u n r e a l i s t i c  t o  suppose - as  was done i n  these  experiments 
- t h a t  t h e r e  would be no demographic o r  s o c i a l  changes i n  even an 
i s o l a t e d  popula t ion  dur ing  such a  per iod.  Changes i n  marriage o r  
mating p a t t e r n s  would a f f e c t  f e r t i l i t y ,  and even without ou ts ide  
c o n t a c t s ,  new d i s ea se s  might a r i s e  o r  t h e  people develop a  degree 
o f  immunity t o  o l d  ones s o  t h a t  t h e  mor t a l i t y  r a t e s  would be 
a l t e r e d .  I f  e i t h e r  o r  bo th  of  t he se  occurred, t h e  subsequent 
f a t e  o f  such a  popula t ion  would be no more p r ed i c t ab l e  than it 
proved f o r  those  c r e a t e d  by t h e  computer. Hence, ex t rapola t ion  
backwards from some p a r t i c u l a r  number t o  t r y  t o  e s t a b l i s h  e i t h e r  
t h e  s i z e  o f  t h e  i n i t i a l  group, o r  t h e  time-depth of  se t t l ement ,  
is c l e a r l y  f u t i l e .  
Two o t h e r  common misconceptions a r e  a l s o  challenged. 
The f i r s t  i s  t h a t  t h e r e  i s  some un ive r s a l  ' c r i t i c a l '  l eve l  of 
i n f a n t i c i d e  which cannot be exceeded i f  a  populat ion i s  not t o  
diminish i n  s i z e .  On t h e  cont ra ry ,  t h e  amount of i n f a n t i c i d e  t h a t  
can be t o l e r a t e d  by any populat ion w i l l  be determined by t h e  
m o r t a l i t y  and f e r t i l i t y  r a t e s  which it experiences. A population 
with low m o r t a l i t y  can t o l e r a t e  more i n f a n t i c i d e  than another 
which has  t h e  same f e r t i l i t y  as  t h e  first bu t  pa t t e rn s  of  d i s ea se  
o r  l i f e - s t y l e  which cause high mor t a l i t y .  For s i m i l a r  reasons 
t h e  concept o f  a  un ive r a l  lminimum' populat ion s i z e  is a l s o  
p a t e n t l y  absurd except i n  a  very s p e c i f i c  and l imi ted  context .  
By now t h e  o r i g i n a l  programme has been rev ised  so  t h a t  
t h e  a r t i f i c i a l  c o n s t r a i n t s  on t h e  numbers of persons who had ever 
l i v e d  and t h e  maximum number of years  e x i s t  no longer ,  and t h e r e  
i s  p rov i s i o n  f o r  g r e a t e r  f l e x i b i l i t y  i n  t h e  n o r t a l i t y  and f e r t i l i t y  
r a t e s  and o t h e r  governing r u l e s .  These changes broaden t h e  range 
o f  t o p i c s  t h a t  can be i nves t i ga t ed  by computer s imula t ion ,  and 
enhance t h e  d i agnos t i c  power of t h e  model. 
Norma McArthur 
Dept of Fac i f i c  G Southeast 
Asian History 
XSPacS, ANY 
Archived at Flinders University: dspace.flinders.edu.au
